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@ Gold alloys, a method of brazing and articles formed thereby. 

@ New alloys containing gold, vanadium, and yttrium 
and/or scandium, and optionally Including niobium are 
described. The alloys are particularly suitable for brazing 
and for metallizing, most particularly for brazing hermetic 
ceramic-metal seals, e.g. between electrical leads and 
ceramic insulators. 

The alloys may for example contain 4-15% vanadium, 
0.008-02% yttrium and/or scandium, and 0-3% niobium, 
the balance being gold (atomic percentages). 

9 There is also described a method of forming a brazed 
joint between a central elongated conductor (10) and a 
generally cylindrical body (12) of rigid insulating material 

W surrounding the conductor, comprising: forming a peri- 
pheral outwardly extending shoulder on the conductor at 
" one location along its length, placing a preform of brazing 
v# material on top of the Insulating body, preparing a Joint 
■a by positioning the conductor within the insulating body 

O^' with the shoulder immediately above the preform and the 
^ joint area and in contact therewith, and melting the pre- 
" form causing at least part of it to flow under the shoulder 
Q and into the joint (22) area where it is cooled to form a 
brazed joint 
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GOLD ALLOYS, A METHOD OF BRAZING AND 
ARTICLES FORMED THEREBY 

This invention relates to new alloys containing 
gold, vanadium, and, as a third constituent, yttrium or 
scandium or mixtures thereof. Additionally, the alloys 
may optionally contain niobium. In compositions including 
minor amounts of vanadium, yttrium and/or scandium, optional 
minor amounts of niobium, and a major amount of gold, the 
alloys are particularly useful as brazing materials and 
find a preferred use in the formation of hermetic corrosion- 
resistant seals or brazed joints for electrical lead-ins, 
particularly of the ceramic-metal seal types. The most 
preferred use of these alloys lies in the manufacture of 
ceramic-metal electrical lead-ins for implantable electro- 
medical devices such as cardiac pacemakers and the like. 

The invention also relates to the use of high gold 
content alloys for the metallization of ceramic materials 
such as alumina and other ceramics. 

An important feature of the invention lies in 
the direct application of the brazing alloy to a ceramic- 
metal seal without prior metallization of the ceramic. For 
example, if the ceramic is alumina, it may be brazed with 
these alloys without prior metallization . 

Broadly, this invention provides novel alloys 
of gold, vanadium, yttrium and/or scandium, optionally 
including niobium. 

It has also been found, in accordance -with this 
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invention, that alloy compositions comprising a major 
portion of gold coupled with minor portions of vanadium 
and/or yttrium or scandium and optionally including 
niobium, provide excellent brazing and metallizing 
5 materials. 

The alloys within the scope of this invention 
contain vanadium as an essential constituent. In the 
preferred compositions, the vanadium ranges from about 4 
atomic percent up to about 15 atomic percent. Another 

10 essential constituent is selected from the group consisting 
of yttrium, scandium, and mixtures thereof. In the prfe- 
f erred alloy compositions, the yttrium and/or scandium 
ranges from about 0.008 atomic percent up to about 0.2 
atomic percent. The optional constituent niobium is 

15 preferably present in minor amounts ranging from about 0 
to about 3 atomic percent. The balance of the composition 
is gold, preferably in major amount. The percentages, as 
noted above, are expressed on an atomic percentage basis 
which is used throughout, unless otherwise noted. 

20 In the most preferred alloy compositions of the 

invention, the amount of vanadium ranges from about 4% up 
to about 5% and the selected constituent yttrium and/or 
scandium ranges from about 0.008% up to about 0.02% in 
amount. If niobium is added, as optionally provided, it 

25 will preferably range between about 0% to about 3% in 
amount. 

The most preferred alloy of the invention con- 
sists essentially of about 5% vanadium, . about 0.02% yttrium, 
balance gold. Optionally, it may contain about 0.5% 
30 niobium. 

The invention not only contemplates within its 
scope novel alloy compositions for various uses, but also 
novel brazed structures. The structural novelty of the 
brazed structures may arise either from the novel brazing 
35 alloy compositions used or from unique structural features 
described hereinbelow. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 and 2 are cross sections of an electri- 
cal lead-in in the form o f a ceramic-metal seal using an 
alloy of the invention. Figure 1 shows the structure before 
5 it is brazed. Figure 2 shows the structure after it is 
brazed and mounted in an electrical device. 

Figures 3 and 4 show, before and after brazing 
respectively, a unique structural feature for aiding the 
"wetting" of a brazing material in a ceramic-metal seal. 

10 DETAILED DESCRIPTION OF INVENTION 

As has already been pointed out, this invention 
relates in general to the use of high gold content alloys 
for the brazing and metallization of various ceramic 
materials, such as alumina (Al^) , and various metals. 

15 Specifically, in its preferred form, it relates to the use 
of these alloys in the manufacture of ceramic-metal electri- 
cal lead-ins, particularly for implantable electromedical 
devices such as cardiac pacemakers. 

The alloys of the invention, as characterized by 

20 the nature of their constituents, consist essentially of 
a carrier constituent, an active constituent, and a cata- 
lytic constituent. The carrier constituent comprises an 
element which imparts to the alloy the desired corrosion 
resistance and mechanical properties. In addition, in the 

25 case of implantable electromedical devices such as cardiac 
pacemakers, the carrier constituent must also provide bio- 
compatability. The carrier constituent is the major com- 
ponent of the alloy. In the alloys of this invention, 
the carrier constituent is gold (Au) . 

30 The active constituent of the alloys of this 

invention consists of an element or elements which may 
chemically react with the material to be metallized or 
with one of the materials to be brazed. For example, in 
a preferred form of this invention, an alumina ceramic 

35 material is brazed to a metal and the active constituent 

of the alloy chemically reacts with the alumina and is thus 
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responsible for the bonding of the ceramic to the metal. 

The active constituent in accordance with the 
invention is selected from the class of metals commonly 
identified as strong oxide formers. Many metals exhibit 
5 a strong thermodynamic tendency to form oxides. However, 
the element selected for the alloys of this invention must 
also form a solid solution, i.e. a single phase structure 
with the carrier constituent. This requirement significant 
ly limits the active elements which are suitable for a gold 

10 carrier constituent. The single phase micros tructure 
ensures the retention of the desirable properties chaiv- 
acterizing the carrier constituent of the alloy. Exceed- 
ing the solid solution solubility limit results in the 
formation of intermetallic compounds which generally impair 

15 the corrosion resistance and ductility of the alloys. 

Of the various elements meeting the above 
requirements, it has been determined that only one element, 
i.e. vanadian (V) , is satisfactory for the purposes of 
this invention. Vanadium has a solubility limit of approxi- 

20 mately 15% in gold, which establishes the upper limit for 
this constituent in alloys according to this invention. 

Other elements such as tantalum and hafnium, 
which exhibit very slight solubilities in gold as dis- 
cussed above, are not acceptable except in incidental 

25 amounts since it has been determined that these elements 
do not significantly enhance wetting of the alloy when 
included in the alloys of the invention in any significant 
amount. 

Various impurities may be present in the alloy 
30 in incidental amounts. If is preferred that they not 

exceed a total of about 0.1 wt. % of the total composition. 

Another element, i.e. niobium (Nb) , has been 
found to be an acceptable constituent when included in 
the alloys of the invention if its atomic percentage is 
35 maintained below about 3%. 

However, the niobium is not a substitution for 
the vanadium, but comprises an optional addition to the 
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overall composition. It does not affect wetability of 
the alloy in amounts below about 3% and it appears to 
improve corrosion resistance. 

Another essential constituent of the alloys of 
5 this invention is the catalytic constituent which enhances 
the rate of the chemical reaction between the ceramic 
portion of a seal or lead-in structure and the active 
constituent of the alloy, i.e. the vanadium. 

The most preferred catalytic constituent is 
10 yttrium (Y) which has been found to greatly accelerate^ 
the chemical reaction between a ceramic such as alumina 
and the vanadium and/or vanadium-niobium. The increased 
reaction rate may be due to the ability of yttrium to de- 
oxidize vanadium, thus maintaining it in a highly chemi- 
15 cally active state, or the yttrium may simply catalyze 
the reaction of the vanadium and the ceramic. An addi- 
tional benefit realized from the yttrium addition is that * 
it prevents the brazing alloy from "balling up" on the 
ceramic surface. Hence, the molten alloy will wet that 
20 portion of the ceramic with which it is in physical con- 
tact when in the solid state but will not flow on the 
surface thereof. 

Scandium (Sc) has also been found to catalyze 
the reaction of the vanadium with ceramics. Scandium 
25 may be used to replace the yttrium or the two elements may 
be used mixed together in any proportion. 

In assessing the upper and lower limits of the 
optimum compositional ranges for the various constituents 
in accordance with the invention, alloy wafers of about 
30 1/8" in diameter were prepared. The wafers were placed 
upon sapphire sheets and heated to their melting point. 
The resultant samples were evaluated as to shape retention 
after being heated in excess of their melting point. Any 
substantial loss of shape was taken as being indicative of 
35 poor wetting and loss of bond area; both of which are 

unacceptable, particularly when a hermetic seal is desired. 
Based on such tests, it was determined that 
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when the amount of vanadium decreases below about 4%, a 
noticeable loss of "wetting" begins to develop. When the 
vanadium is increased above about 10-15% , no noticeable 
increase in "wetting" appears to occur, and the alloy 
5 suffers a noticeable loss of ductility and corrosion 

resistance. These properties appear to be optimal within 
the narrower range of from about 4% to about 5% vanadium. 

With regard to the yttrium and/or scandium 
constituent, amounts below about 0.008% are difficult to 

10 measure reproduciably , and amounts greater than or equal 
to 0.2% tend to foster the formation of intermetallic 
compounds which decrease the corrosion resistance of the 
alloys and increase their brittleness. The optimum range 
was determined to be from about 0.008% to about 0.02%. 

15 Amounts of niobium up to about 3% do not affect 

ductility or wetability. Furthermore, 0.5% Nb in 
Au - 5V - 0.02Y did not cause brittleness and is believed 
to improve the corrosion resistance of the alloy. The 
optimum amount was determined to be about 0.5% niobium. 

20 it was established then that the alloys prefer- 

ably contain: from about 4% up to about 15% vanadium; 
from about 0.008% up to about 0.2% of yttrium; the balance 
being gold. 

However, scandium can be substituted in whole 
25 or in part for the yttrium, in the alloys. 

The most preferred compositions will contain: 
about 5% vanadium; about 0.02% yttrium or equivalent 
(i.e. Sc substituted in whole or in part for Y) ; balance 
gold. 

30 Additionally, in any of the compositions, niobium 

in an amount of from 0% to about 3%, 0.5% being preferred, 
can additionally be added to the other constituents. 

Of the various alloys contemplated herein, the 
gold-vanadium-yttrium ternary alloy is the most preferred. 
35 The optimum composition for this ternary alloy is about 
5% vanadium, about 0.02% yttrium, balance gold. 

Example 1 

An alloy of Au - 5% V - 0.02% Y was placed on 
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a sapphire substrate and melted. The contact angle for 
this alloy was less than 90°. It wet the sapphire rapid- 
ly and did not "ball-up" after melting. 

Example 2 

An alloy of Au - 5% V - 0.02% Y was observed 
to have a microstructure which showed no evidence of 
intermetallic compound function when viewed at 1000X. 

This alloy was flattened into a disc of approxi- 
mately 0.015 inches thick and cut into a "half moon" 
shape. It was placed on a sapphire substrate and melted 
in vacuo. The alloy was observed to wet the substrata 
and retain its "half moon" shape. 

Example 3 

Au - 4.99% V - 0.21% Y 

Same treatment and results as for Example 2. 

Example 4 
Au - 5% V - 0.008 Y 

Same treatment and substantially the same 
results as for Example 2. 

Example 5 
Au - 4% V - 0.02 Y 

Same treatment and substantially the same 
results as for Example 2. 

Example 6 
Au - 5% V - 0.02% Y 

Same treatment and substantially the same 
results as for Example 2. 

Example 7 

Au - 5% V - 0.02% Sc alloy formed into a disc 
of about 0.250 inches diameter and placed on a sapphire 
substrate. 

Upon heating in vacuo to melting, the disc wet 
the sapphire and retained its original shape. 

Example 8 

Au - 5V - 0.01% (Y + Sc) alloy - Same treatment 
and results as Example 8. 



4 
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Example 9 

Au - 5% V - 0.5% Nb - 0.02% Y Alloy - Same 
treatment and results as Example 8. 

The alloys of the invention possess several 
5 advantages for use as a brazing material in forming 
ceramic-metal seals. 

The alloys comprise a combination braze- 
raetallization alloy for ceramics such as alumina. Metal- 
lization and brazing are accomplished in a single step 
10 during brazing. 

The alloys exhibit excellent corrosion resistance 
and biocompatability. The alloys do not exhibit excessive 
flow properties. 

The alloys exhibit a high degree of plasticity 
15 (fracture strain of about 20%) as well as low yield 

strength (about 12 , 000 psi) and ultimate tensil strength 
(about 30 , 000 psi) by virtue of the solid solution micro- 
structure and the small degree of alloying needed to 
achieve bonding between the metal and ceramic in a seal 
20 or lead-in structure. These mechanical properties also 

tend to minimize thermal stresses which can induce cracking 
in the ceramic. Furthermore/ these mechanical properties 
allow the alloy to be easily prepared by conventional 
methods. 

25 The alloys flow readily but only by capillary 

action and readily metallize recesses in the joint between 
the ceramic and metal. 

The interfacial bond between metal and ceramic 
is high quality, and there is no tendency for the braze 

30 to fracture the ceramic. 

The alloy bonds to a wide variety of ceramics 
in addition to alumina (single crystal sapphire as well 
as polycrystalline alumina) such as carbon, forstorite, 
steatite, zircon, and mullite. Other refractory metal 

35 oxides such as zirconia, thoria, yttria, silica, and 
magnesia may also be considered for use. 
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In preparing the alloys of the invention f the 
gold and other constituents are charged onto a water-cooled 
copper hearth or chill plate, in weighed increments, in 
an arc melting furnace and melted in either an inert atmos- 
5 phere such as argon or helium or in a vacuum to prevent 
contamination of the melt and loss of the constituents due 
to oxidation. The constituents may be melted several times 
for uniformity of the overall composition. The resulting 
melt is then solidified and prepared for use in any form 
10 desired by conventional working techniques. It may, for 

example, be rolled to foil thickness and cut to any desired 
shape . 

In whatever form prepared, the alloy, when used 
as a brazing alloy, is positioned about the surfaces to be 

15 joined and placed in a furnace, the joint and surrounding 
brazing material are heated, in vacuo or under an inert 
atmosphere such as argon or helium, and held at temperature 
until the melted alloy is observed to melt and flow freely 
between the surfaces to be joined. At this point, the 

20 heating means is turned off and the melted alloy allowed 
to solidify to form the brazed joint. 

The brazing alloys of this invention generally 
have a melting point of about 1960°F f and, when brazing, 
the temperature is usually raised to about 50° above the 

25 melting point of the alloy. Brazing at about 2000° to 

about 2025°F for about two minutes from initial melting has 
been found to be satisfactory in brazing most ceramic-metal 
seals. The brazing operation must be conducted in a pro- 
tective atmosphere, i.e. in vacuum (about 10 torr or less 

30 preferred) or under an inert atmosphere (dew point of about 
90°F or less preferred) such as helium or argon to reduce 
any contamination in the brazed joint or oxidation of the 
alloy constituents. 

The parts to be brazed with the alloy should be 

35 cleaned and prepared by conventional physical or chemical 
methods before brazing. It is not necessary to metallize 
before brazing as excellent joints are prepared without 
this procedure. 
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As a brazing alloy, the alloys of this invention 
are capable of being used in a foil form or any preform 
shape. For example, a preform washer shape is preferred 
for electrical lead-ins of the coaxial type as are des- 
5 cribed hereinbelow. 

Referring now to Figures 1 and 2, an electrical 
lead-in incorporating a ceramic-metal seal prepared with 
the most preferred alloy of the invention is shown before 
and after brazing. The lead-in is oriented with the 

10 interior end thereof positioned upwardly in the figure^. 
The lead-in comprises a central electrical conductor 10, 
which may take the form of a pin surrounded by a sapphire 
or alumina insulating body 12. Body 12 is encased in a 
metal ferrule 14 which, when the lead-in is installed in 

15 a device, may be welded or soldered into a wall 16 thereof 
as illustrated in Figure 2. Pin 10 may be any conductive 
metal. However, in the case of an implantable medical 
device, it is preferred that the pin comprise niobium, 
tantalum, platinum, palladium, or titanium, niobium being 

20 preferred. Likewise, for such an application, alumina or 
sapphire is preferred for the ceramic, although, as pointed 
out herein above, other insulating ceramic-like materials 
may be used. The metal ferrule for implantable use is 
preferably titanium. 

25 As can be seen in Figure 1, to accomplish brazing, 

one or more preform washers 18 comprising an alloy of 
the invention, (V - 5.5%, Y - 0.2%, bal Au, for example) _ 
may be placed on ceramic body 12, surrounding pin 10, and 
on metal ferrule 14 surrounding ceramic body 12. The size 

30 of washer 18 and/or the number of washers used may vary as 
the flow of the liquid braze depends on the particular 
geometric characteristics of the article to be brazed. 

Heating the assembly with the washer preforms 
positioned, as shown in Figure 1, to a temperature of 

35 approximately 2000 - 2025°F for about two minutes in a 
protective atmosphere will, upon cooling, provide the 
brazed structure as shown in Figure 2 having two brazed 
joints 22. The lead-in may then be welded or soldered into 
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an opening in a device wall 16 as illustrated in Figure 2. 

Figures 3 and 4 are illustrative of a preferred 
modification which may be used in electrical lead-in 
structures for facilitating the wetting of the brazing 
material to the conductive pin 10 and also for facili- 
tating the flow of the melted brazed material into a 
joint area. Only the central pin 10 and the ceramic 
insulator 12 are shown in the figures. Pin 10 is provided 
with a peripherally extending shoulder means 24 which 
overlaps ceramic insulator 12 and contacts the brazing^ 
material preform 18. Preform 18 may be in the form of a 
washer as above described. Heating of the assembly to 
brazing temperature and cooling results in a brazed struc- 
ture similar to that shown in Figure 4 in which the flow 
15 of the brazing material into the joint area is facilitated 
by the contact between shoulder 24 and preform 18. Shoul- 
der 24 may be simply formed by "upsetting" the pin using 
standard metal working techniques. 

Corrosion resistance of the alloys of this inven- 
20 tion was tested in two ways. Lead-ins brazed with repre- 
sentative alloy samples were subjected to life testing in 
pacemakers, and anodic polarization tests in accordance 
with ASTM G5 - 71 were conducted on other representative 
alloy samples. 

25 Having described the invention by reference to 

preferred embodiments by way of illustration, exclusive 
property rights therein are defined by the following 
claims . 
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CLAIMS 

lo' An alloy particularly suitable for brazing and 
metallizing consisting, in addition to minor amounts of 
impurities and incidental elements if any, of gold in a 
predominant amount, a minor amount of vanadium, a minor 
amount of a constituent selected from the group consisting 
of yttrium, scandium and mixtures thereof, and optionally 
including a minor amount of niobium., 

2. An alloy as claimed in claim 1 which consists on an 
atomic percentage basis of: from about 4%. up to about 15% 
vanadium; from about 0.008% up to about 0.2% of the constituent 
selected from the group consisting of yttrium, scandium, and 
mixtures thereof; and from 0% up to about 3% niobium, the 
balance of the alloy being gold and impurities and incidental 
elements, if any. 

3. ' An alloy as claimed in claim 2 wherein the amount of the 
vanadium is from about 4% to about 5%. 

4. An alloy as claimed in claim 2 or claim 3 wherein about 
0.02% yttrium is present. 

5. An alloy as claimed in any one of claims 2 to 4 wherein 
about 0.5% niobium is present. 

6. ' An article comprising at least two members joined 
together by a thin layer of an alloy as claimed in any one 
of the preceding claims. 

7. An article as claimed in claim 6, being an insulated coax 
lead-in for making electrical connection through a wall-like 
member, the lead-in comprising a central conductor (10) and an 
outer sheath member (14), a generally cylindrical body (12) 

of rigid insulating material separating the conductor and 
sheath and hermetically sealed to each by a first and second 
seal (22) respectively, the seals comprising brazed joints 
formed of an alloy as claimed in any one of claims 1 to 5. 
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8. An article as claimed in claim 7 wherein the central 
conductor includes a peripheral shoulder (24) located in the 
area immediately above the brazed joint and overlapping the 
joint area. 

9. A method of forming a brazed joint between a central 
elongated conductor and a generally cylindrical body of 

rigid insulating material surrounding the conductor, comprising: 
forming a peripheral outwardly extending shoulder on the 
conductor at one location along its length, placing a preform 
of brazing material on top of the insulating body, preparing 
a joint by positioning the conductor within the insulating 
body with the shoulder immediately above the preform and the 
joint area and in contact therewith, and melting the preform 
causing at least part of it to flow under the shoulder and 
into the joint area where it is cooled to form a brazed 
joint. 

10. A method as claimed in claim 9 wherein the brazing 
preform comprises an alloy as claimed in any one of claims 
1 to 5* 
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Gold brazing alloys are known materials and 
British Patent Specification 936264 for 
example describes gold-copper-palladium 
alloys. 

This invention relates to new alloys contain- 5 
ing gold, vanadium, and, as a third constituent, 
yttrium or scandium or mixtures thereof. Addi- 
tionally, the alloys may optionally contain nio- 
bium. In compositions including minor amounts 
of vanadium, yttrium and/or scandium, optional w 
minor amounts of niobium, and a major amount 
of gold, the alloys are particularly useful as 
brazing materials and find a preferred use in the 
formation of hermetic corrosion-resistant seals 
or brazed joints for electrical lead-ins, particu- 75 
larly of the ceramic-metal seal types. The most 
preferred use of these alloys lies in the manu- 
facture of ceramic-metal electrical lead-ins for 
implantable electro-medical devices such as 
cardiac pacemakers and the like. 20 

The invention also relates to the use of high 
gold content alloys for the metallization of 
ceramic materials such as alumina and other 
ceramics. 

An important feature of the invention lies in 25 
the direct application of the brazing alloy to a 
ceramic-metal seal without prior metallization 
of the ceramic. For example, if the ceramic is 
alumina, it may be brazed with these alloys 
without prior metallization. 30 

Broadly, this invention provides novel alloys 
of gold, vanadium, yttrium and/or scandium, 
optionally including niobium. 

it has also been found, in accordance with 
this invention, that alloy compositions com- 35 
prising a major portion of gold coupled with 
minor portions of vanadium and/or yttrium or 
scandium and optionally including niobium, pro- 
vide excellent brazing and metallizing materials. 

The alloys within the scope of this invention 40 
contain vanadium as an essential constituent. In 
the preferred compositions, the vanadium 
ranges from about 4 atomic percent up to about 
1 5 atomic percent Another essential constitu- 
ent is selected from the group consisting of 45 
yttrium, scandium, and mixtures thereof. In the 
preferred alloy compositions, the yttrium and/or 
scandium ranges from about 0.008 atomic 
percent up to about 0.2 atomic percent. The 
optional constituent niobium is preferably so 
present in minor amounts ranging from about 0 
to about 3 atomic percent. The balance of the 
composition is gold, in major amount. These 
preferred compositions are particularly useful 
where greater ductility and/or corrosion ss 
resistance are required, e.g. in medical devices 
which are subjected to the corrosive fluids of 
the human body. 

The percentages, as noted above, are 
expressed on an atomic percentage basis which 60 
is used throughout, unless otherwise noted. 

In the most preferred alloy compositions of 



the invention, the amount of vanadium ranges 
from about 4% up to about 5% and the selected 
constituent yttrium and/or scandium ranges 
from about 0.008% up to about 0.02% in 
amount. If niobium is added, as optionally 
provided, it will preferably range between about 
0% to about 3% in amount. 

The most preferred alloy of the invention 
consists essentially of about 5% vanadium, 
about 0.02% yttrium, balance gold. Optionally, 
it may contain about 0.5% niobium. 

The invention not only contemplates within 
its scope novel alloy compositions for various 
uses, but also novel brazed structures. The 
structural novelty of the brazed structures may 
arise either from the novel brazing alloy 
compositions used or from unique structural 
features described hereinbelow. 

Brief Description of the Drawings 

Figures 1 and 2 are cross sections of an 
electrical lead-in in the form of a ceramic-metal 
sea! using an alloy of the invention. Figure 1 
shows the structure before it is brazed. Figure 2 
shows the structure after it is brazed and 
mounted in an electrical device. 

Rgures 3 and 4 show, before and after 
brazing respectively, a unique structural feature 
for aiding the "wetting" of a brazing material in 
a ceramic-metal seal. 

Detailed Description of invention 

As has already been pointed out, this inven- 
tion relates in general to the use of high gold 
content alloys for the brazing and metallization 
of various ceramic materials, such as alumina 
(Al 2 0 3 ), and various metals. Specifically, in its 
preferred form, it relates to the use of these 
alloys in the manufacture of ceramic-metal elec- 
trical lead-ins, particularly for implantable 
electromedical devices such as cardiac pace- 
makers. 

The alloys of the invention, as characterized 
by the nature of their constituents, consist 
essentially of a carrier constituent, an active 
constituent, and a catalytic constituent The 
carrier constituent comprises an element which 
imparts to the alloy the desired corrosion resist- 
ance and mechanical properties. In addition, in 
the case of implantable electromedical devices 
such as cardiac pacemakers, the carrier con- 
stituent must also provide biocompatability. The 
carrier constituent is the major component of 
the alloy, in the alloys of this invention, the 
carrier constituent is gold (Au). 

The active constituent of the alloys of this in- 
vention consists of an element or elements 
which may chemically react with the material to 
be metallized or with one of the materials to be 
brazed. For example, in a preferred form of this 
invention, an alumina ceramic material is brazed 
to a metal and the active constituent of the alloy 



2 



0005 312 



chemically reacts with the alumina and is thus 
responsible for the bonding of the ceramic to 
the metal. 

The active constituent in accordance with the 
invention is selected from the class of metals 
commonly identified as strong oxide formers. 
Many metals exhibit a strong thermodynamic 
tendency to form oxides. However, the element 
selected for the alloys of this invention must 
also form a solid solution, i.e. a single phase 
structure with the carrier constituent. This 
requirement significantly limits the active 
elements which are suitable for a gold carrier 
constituent. The single phase microstructure en- 
sures the retention of the desirable properties 
characterizing the carrier constituent of the 
alloy. Exceeding the solid solution solubility limit 
results in the formation of intermetailic com- 
pounds which generally impair the corrosion 
resistance and ductility of the alloys. 

Of the various elements meeting the above 
requirements, it has been determined that only 
one element, i.e. vanadium (V), is satisfactory 
for the purposes of this invention. Vanadium has 
a solubility limit of approximately 15% in gold, 
which establishes the upper limit for this 
constituent in alloys according to this invention. 

Other elements such as tantalum and haf- 
nium, which exhibit very slight solubilities in 
gold as discussed above, are not acceptable 
except in incidental amounts since it has been 
determined that these elements do not signi- 
ficantly enhance wetting of the alloy when 
included in the alloys of the invention in any 
significant amount 

Various impurities may be present in the 
alloy in incidental amounts, it is preferred that 
they not exceed a total of about 0.1 wt. % of the 
total composition. 

Another element, i.e. niobium (Nb), has been 
found to be an acceptable constituent when in- 
cluded in the alloys of the invention if its atomic 
percentage is maintained below about 3%. 

However, the niobium is not a substitution 
for the vanadium, but comprises an optional 
addition to the overall composition. It does not 
affect the wettability of the alloy in amounts 
below about 3% and it appears to improve 
corrosion resistance. 

Another essential constituent of the alloys of 
this invention is the catalytic constituent which 
enhances the rate of the chemical reaction 
between the ceramic portion of a seal or lead-in 
structure and the active constituent of the alloy, 
i.e. the vanadium. 

The most preferred catalytic constituent is 
yttrium (Y) which has been found to greatly 
accelerate the chemical reaction between a 
ceramic such as alumina and the vanadium 
and/or vanadium-niobium. The increased re- 
action rate may be due to the ability of yttrium 
to deoxidize vanadium, thus maintaining it in a 
highly chemically active state, or the yttrium 
may simply catalyze the reaction of the vana- 
dium and the ceramic. An additional benefit 
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realized from the yttrium addition is that it pre* 
vents the brazing alloy from "balling up" on the 
ceramic surface. Hence, the molten alloy will 
wet that portion of the ceramic with which it is 
in physical contact when in the solid state but 
will not flow on the surface thereof. 

Scandium (Sc) has also been found to 
catalyze the reaction of the vanadium with 
ceramics. Scandium may be used to replace the 
yttrium or the two elements may be used mixed 
together in any proportion. 

In assessing the upper and lower limits of the 
optimum compositional ranges for the various 
constituents in accordance with the invention, 
alloy wafers of about 1/8" (0.32 cm) in diam- 
eter were prepared. The wafers were placed 
upon sapphire sheets and heated to their 
melting point. The resultant samples were 
evaluated as to shape retention after being 
2 0 heated in excess of their melting point. Any sub- 
stantial loss of shape was taken as being indica- 
tive of poor wetting and loss of bond area; both 
of which are unacceptable, particularly when a 
hermetic seal is desired. 

Based on such tests, it was determined that 
when the amount of vanadium decreases below 
about 4%, a noticeable loss of "wetting" begins 
to develop. When the vanadium is increased 
above about 10 — 15%, no noticeable increase 
in "wetting" appears to occur, and the alloy 
suffers a noticeable loss of ductility and 
corrosion resistance. These properties appear to 
be optimal within the narrower range of from 
8bout 4% to about 596 vanadium. 

With regard to the yttrium and/or scandium 
constituent, amounts below about 0.008% are 
difficult to measure reproducibly, and amounts 
greater than or equal to 0.2% tend to foster the 
formation of intermetailic compounds which 
40 decrease the corrosion resistance of the alloys 
and increase their brittleness. The optimum 
range was determined to be from about 0.008% 
to about 0.02%. 

Amounts of niobium up to about 3% do not 
45 affect ductility or wettability. Furthermore. 
0.5% Nb in Au — 5V — 0.02Y did not cause 
brittleness and is believed to improve the 
corrosion resistance of the alloy. The optimum 
amount was determined to be about 0.5% 
so niobium. 

It was established then that the alloys prefer- 
ably contain: from about 4% up to about 15% 
vanadium; from about 0.008% up to about 
0.2% of yttrium; the balance being gold. 
5 5 However, scandium can be substituted in 
whole or in part for the ytrrium, in the alloys. 

The most preferred compositions will 
contain: about 5% vanadium; about 0.02% 
yttrium or equivalent (i.e. Sc substituted in 
so whole or in part for Y); balance gold. 

Additionally; in any of the compositions, nio- 
bium in an amount of from 0% to about 3%, 
0.5% being preferred, can additionally be added 
to the other constituents. 
ss Of the various alloys contemplated herein. 
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the gold-vanadium-yttrium ternary alloy is the 
most preferred. The optimum composition for 
this ternary alloy is about 5% vanadium, about 
0.02% yttrium, balance gold. 

Example 1 

An alloy of Au — 5% V — 0.02% Y was 
placed on a sapphire substrate and melted. The 
contact angle for this alloy was less than 90°. It 
wet the sapphire rapidly and did not "ball-up" 
after melting. 

Example 2 

An alloy of Au — 5% V — 0.02% Y was 
observed to have a microstructure which 
showed no evidence of intermetallic compound 
function when viewed at 1000X enlargement. 

This alloy was flattened into a disc of 
approximately 0.01 5 inches (0.4 mm) thick and 
cut into a "half moon" shape. It was placed on a 
sapphire substrate and melted in vacuo. The 
alloy was observed to wet the substrate and 
retain its "half moon" shape. 

Example 3 
Au — 4.99% V — 0.2 1 % Y 
Same treatment and results as for 
Example 2. 

Example 4 
Au — 5%V — 0.008 Y 
Same treatment and substantially the same 
results as for Example 2. 

Example 5 
Au — 4% V — 0.02 Y 

Same treatment and substantially the same 
results as for Example 2. 

Example 6 
Au — 5%V — 0.02% Y 
Same treatment and substantially the same 
results as for Example 2. 

Example 7 

Au — 5% V — 0.02% Sc alloy formed into a 
disc of about 0.250 inches (6.35 mm) diameter 
and placed on a sapphire substrate. 

Upon heating in vacuo to melting, the disc 
wet the sapphire and retained its original shape. 

Example 8 

Au — 5V — 0.01% (Y + Sc) alloy — Same 
treatment and results as Example 8. 

Example 9 

Au — 5% V — 0.5% Nb — 0.02% Y Alloy — 
Same treatment and results as Example 8. 

The alloys of the invention possess several 
advantages for use as a brazing material in 
forming ceramic-metal seals. 

The alloys comprise a combination braze- 
metallization alloy for ceramics such as alumina. 
Metallization and brazing are accomplished in a 
single step during brazing. 



The alloys exhibit excellent corrosion resist- 
ance and biocompatability. The alloys do not 
exhibit excessive flow properties. 

The alloys exhibit a high degree of plasticity 

5 (fracture strain of about 20%) as well as low 
yield strength (about 12,000 psi, 827 bar) and 
ultimate tensile strength (about 30,000 psi. 
2068 bar) by virtue of the solid solution micro- 
structure and the small degree of alloying 

to needed to achieve bonding between the metal 
and ceramic in a seal or lead-in structure. These 
mechanical properties also tend to minimize 
thermal stresses, which can induce cracking in 
the ceramic. Furthermore, these mechanical 

is properties allow the alloy to be easily prepared 
by conventional methods. 

The alloys flow readily but only by capillary 
action and readily metallize recesses in the joint 
between the ceramic and metal. 

20 The interfacial bond between metal and 
ceramic is high quality, and there is no tendency 
for the braze to fracture the ceramic. 

The alloy bonds to a wide variety of ceramics 
in addition to alumina (singe crystal sapphire as 

2s well as polycrystaliine alumina) such as carbon, 
forsterite, steatite, zircon, and mullite. Other 
refractory metal oxides such as zirconia, thoria, 
yttria, silica, and magnesia may also be con- 
sidered for use. 

30 in preparing the alloys of the invention, the 
gold and other constituents are charged onto a 
water-cooled copper hearth or chill plate, in 
weighed increments, in an arc melting furnace 
and melted In either an inert atmosphere such 

35 as argon or helium or in a vacuum to prevent 
contamination of the melt and loss of the con- 
stituents due to oxidation. The constituents may 
be melted several times for uniformity of the 
overall composition. The resulting melt is then 

4 0 solidified and prepared for use in any form 
desired by conventional working techniques. It 
may, for example, be rolled to foil thickness and 
cut to any desired shape. 

In whatever form prepared, the alloy, when 

45 used as a brazing alloy, is positioned about the 
surfaces to be joined and placed in a furnace, 
the joint and surrounding brazing material are 
heated, in vacuo or under an inert atmosphere 
such as argon or helium, and held at tempera- 

50 ture until the melted alloy is observed to melt 
and flow freely between the surfaces to be 
joined. At this point, the heating means is 
turned off and the melted alloy allowed to 
solidify to form the brazed joint. 

55 The brazing alloys of this invention generally 
have a melting point of about 1 960°F (1072°C) 
and, when brazing, the temperature is usually 
raised to about 50° F (28°C) above the melting 
point of the alloy. Brazing at about 2000° 

so (1094°C) to about 2025°F (1108°C) for about 
two minutes from initial melting has been found 
to be satisfactory in brazing most ceramic-metal 
seals. The brazing operation must be con- 
ducted in a protective atmosphere, i.e. in 

fi5 vacuum (about 10~ 4 ton (0.13 Him 1 ) or less 
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preferred) or under an inert atmosphere (dew 
point of about 90°F (32.2°C) or less preferred) 
such as helium or argon to reduce any con- 
tamination in the brazed joint or oxidation of the 
alloy constituents. 5 

The parts to be brazed with the alloy should 
be cleaned and prepared by conventional 
physical or chemical methods before brazing. It 
is not necessary to metallize before brazing as 
excellent joints are prepared without this w 
procedure. 

As a brazing alloy, the alloys of this inven- 
tion are capable of being used In a foil form or 
any preform shape. For example, a preform 
washer shape is preferred for electrical lead-ins is 
of the coaxial type as are described herein- 
below. 

Referring now to Figures 1 and 2, an elec- 
trical lead-in incorporating a ceramic-metal seal 
prepared with the most preferred alloy of the in- 20 
vention is shown before and after brazing. The 
lead-in is oriented with the interior end thereof 
positioned upwardly in the figures. The lead-in 
comprises a central electrical conductor 10, 
which may take the form of a pin surrounded by 25 
a sapphire or alumina insulating body 12. Body 
1 2 is encased in a metal ferrule 1 4 which, when 
the lead-in is installed in a device, may be 
welded or soldered into a wail 16 thereof as 
illustrated in Figure 2. Pin 10 may be any con- 30 
ductive metal. However, in the case of an 
implantable medical device, it is preferred that 
the pin comprise niobium, tantalum, platinum, 
palladium, or titanium, niobium being pre- 
ferred. Likewise, for such an application, 35 
alumina or sapphire is preferred for the cer- 
amic, although, as pointed out herein above, 
other insulating ceramic-like materials may be 
used. The metal ferrule for implantable use is 
preferably titanium. 40 

As can be seen in Figure 1, to accomplish 
brazing, one or more preform washers 1 8 com- 
prising an alloy of the invention (V — 5.5%, Y 
— 0.2%, bal Au, for example) may be placed on 
ceramic body 12, surrounding pin 10, and on <s 
metal ferrule 14 surrounding ceramic body 12. 
The size of washer 18 and/or the number of 
washers used may vary as the flow of the liquid 
braze depends on the particular geometric 
characteristics of the article to be brazed. so 

Heating the assembly with the washer pre- 
forms positioned, as shown in Figure 1 , to a 
temperature of approximately 2000 — 2025°F 
(1094 — 1108°C) for about two minutes in a 
protective atmosphere will, upon cooling, pro- 55 
vide the brazed structure as shown in Figure 2 
having two brazed joints 22. The lead-in may 
then be welded or soldered into an opening in a 
device wall 1 6 as illustrated in Figure 2. 

Figures 3 and 4 are illustrative of a preferred 60 
modification which may be used in electrical 
lead-in structures for facilitating the wetting of 
the brazing material to the conductive pin 10 
and also for facilitating the flow of the melted 
brazed material into a joint area. Only the 65 



central pin 1 0 and the ceramic insulator 1 2 are 
shown in the figures. Pin 10 is provided with a 
peripherally extending shoulder means 24 
which overlaps ceramic insulator 12 and con- 
tacts the brazing material preform 18. Preform 
18 may be in the form of a washer as above 
described. Heating of the assembly to brazing 
temperature and cooling results in a brazed 
structure similar to that shown in Figure 4 in 
which the flow of the brazing material into the 
joint area is facilitated by the contact between 
shoulder 24 and preform 1 8. Shoulder 24 may 
be simply formed by "upsetting" of the pin 
using standard metal working techniques. 

Corrosion resistance of the alloys of this in- 
vention was tested in two ways. Lead-ins 
brazed with representative alloy samples were 
subjected to life testing in pacemakers, and 
anodic polarization tests in accordance with 
ASTM G5 — 71 were conducted on other 
representative alloy samples. 

Claims 

1. An alloy suitable for brazing and metal- 
lizing consisting, in addition to minor amounts 
of impurities if any, of a predominant amount of 
gold, a minor amount of vanadium, a minor 
amount of a constituent selected from the group 
consisting of yttrium, scandium and mixtures 
thereof, and optionally including a minor 
amount of niobium. 

2. An alloy as claimed in claim 1 which con- 
sists on an atomic percentage basis of: from 4% 
up to 1 5% vanadium; from 0.008% up to 0.2% 
of the constituent selected from the group con- 
sisting of yttrium, scandium, and mixtures 
thereof; and from 0% up to 3% niobium, the 
balance of the alloy being gold and impurities, if 
any. 

3. An alloy as claimed in claim 2 wherein the 
amount of the vanadium is from 4% to 5%. 

4. An alloy as claimed in claim 2 or claim 3 
wherein about 0.02% yttrium is present. 

5. An alloy as claimed in any one of claims 2 
to 4 wherein about 0.5% niobium is present 

6. An article comprising at least two 
members joined together by a thin layer of an 
alloy as claimed in any one of the preceding 
claims. 

7. An insulated coaxial lead-in for making 
electrical connection through a wall-like 
member, the lead-in comprising a central con- 
ductor (10) and an outer sheath member (14), a 
generally cylindrical body (12) of rigid insulating 
material separating the conductor and sheath 
and hermetically sealed to each by a first and 
second seal (22) respectively, the seals com- 
prising brazed joints formed of an alloy as 
claimed in any one of claims 1 to 5. 

8. An article as claimed in claim 7 wherein 
the central conductor includes a peripheral 
shoulder (24) located in the area immediately 
above the brazed joint and overlapping the joint 
area. 
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9. A method of forming a brazed joint 
between a central elongated conductor and a 
generally cylindrical body of rigid insulating 
material surrounding the conductor, com- 
prising: forming a peripheral outwardly extend- 
ing shoulder on the conductor at one location 
along its length, placing a preform of brazing 
material on top of the insulating body, pre- 
paring a joint by positioning the conductor 
within the insulating body with the shoulder 
immediately above the preform and the joint 
area and in contact therewith, and melting the 
preform causing at least part of it to flow under 
the shoulder and into the joint area where it is 
cooled to form a brazed joint, the brazing 
preform comprising an alloy as claimed in any 
one of claims 1 to 5. 

Revendications 

1. Alliage destine au brasage et a la metal- 
lisation, caracterise en ce qu'il comporte, outre 
des quantites minimes d'impuretes even- 
tuelles, une quantity predominante d'or, una 
faible quantite de vanadium, un faible quantity 
d un constituant choisi dans le groupe compre- 
nant l yttrium, le scandium et des melanges de 
ceux-ci et eventuellement une faible quantity de 
niobium. 

2. Alliage suivant la revendication 1 . carac- 
terise en ce qu'il comporte en pourcentage 
atomique de 4 a 1 5% de vanadium, de 0,008 a 
0,2% du constituant choisi dans le groupe 
comprenant lyttrium, le scandium et des 
melanges de ceux-ci et de 0 a 3% de niobium, le 
reste de I'alliage etant constitue par de for et 
des impuret6s eVentuelles. 

3. Alliage suivant la revendication 2, carac- 
terise en ce que la quantite* de vanadium est 
comprise entre 4 et 5%. 

4. Alliage suivant Tune quelconque des 
revendications 2 et 3, caract6ris6 en ce qu'il 
comporte environ 0,02% d'yttrium. 

5. Alliage suivant Tune quelconque des 
revendications 2 a 4, caract6ris6 en ce qu'il 
comporte environ 0,5% de niobium. 

6. Article caracte>is§ en ce qu'il comprend au 
moins deux elements r6unis ensemble par une 
couche mince d'un alliage suivant Tune quel- 
conque des revendications pr§c6dentes. 

7. Connecteur coaxial isole* pour 6tablir des 
connexions eiectriques £ travers un element en 
forme de paroi. ledit connecteur etant carac- 
terise en ce qu'il comporte un conducteur 
central (10) et une gaine ext6rieure (14). un 
corps (12) de forme g6n6rale cylindrique en un 
materiau isolant rigide s£parant le conducteur et 
la gaine et scetie de facon etanche a chacun de 
ceux-ci par des premier et second joints (22) 
respectivement. les joints etant constitues par 
des joints brases formes d un alliage suivant 
I'une quelconque des revendications 1 £ 5. 

8. Article suivant la revendication 7, carac- 
terise en ce que le conducteur central corn- 
pone un epaulement p6ripherique (24) dispose 



dans la zone immediatement au-dessus du joint 
brase et recouvrant ia zone du joint. 

9. Procede pour former un joint brase entre 
un conducteur central allonge et un corps de 

5 forme generate cylindrique en un materiau 
isolant rigide entourant le conducteur, carac- 
terise en ce qu'il consiste a former sur le 
conducteur un epaulement peripherique s'6ten- 
dant vers I'exterieur a un emplacement de la 

J o longueur de celui-ci, a placer une pr6forme de 
materiau de brasage sur le dessus du corps 
isolant, a preparer un joint en positionnant le 
conducteur a I'interieur du corps isolant. 
('epaulement se trouvant immediatement au- 

15 dessus de la preforme et de la zone du joint et 
en contact avec celle-ci et a fondre la preforme 
en faisant couler d'au moins une partie de celle- 
ci au-dessous de I'epaulement et dans la zone 
de joint ou tl est refroidi pour former un joint 

20 brase, fa preforme brasee etant constituee en un 
alliage suivant I'une quelconque des revendica- 
tions 1 a 5. 

Patentanspruche 

25 

1. Zum Hartloten und Metallisieren geeig- 
nete Legierung, die auBer gegebenenfalls vor- 
handenen kleineren Mengen an Verun- 
reinigungen aus einer uberwiegenden Menge an 

3° Gold, einer kleineren Menge an Vanadium und 
einer kleineren Menge eines Bestandteils be- 
steht, welcher aus der Yttrium, Scandium und 
Gemische von diesen umfassenden Gruppe aus- 
gewahlt ist, und die wahlweise eine kleinere 

3S Menge an Niob enthait. 

2. Legierung nach Anspruch 1 , die, auf Atom- 
prozentbasis, besteht aus: 4% bis 15% Vana- 
dium; 0.008% bis 0,2% des Bestandteils, 
welcher aus der Yttrium, Scandium und Ge- 

40 mische von diesen umfassenden Gruppe aus- 
gewahlt ist, sowie 0% bis 3% Niob, wobei der 
Rest der Legierung aus Gold und gegebenen- 
falls Verunreinigungen besteht. 

3. Legierung nach Anspruch 2. dadurch 
45 gekennzeichnet, daB die Menge an Vanadium 

zwischen 4% und 5% liegt 

4. Legierung nach Anspruch 2 Oder Anspruch 

3, dadurch gekennzeichnet, daS etwa 0,02% 
Yttrium vorhanden sind. 

50 5. Legierung nach einem der Anspruche 2 bis 

4, dadurch gekennzeichnet, daft etwa 0,5% 
Niob vorhanden sind. 

6. Gegenstand, der mindestens zwei Bauteile 
aufweist, die mittels einer dunnen Schicht aus 

55 einer Legierung nach einem der vorherge- 
henden Anspruche untereinander verbunden 
sind. 

7. Isolierte koaxiale Durchfuhrung zur Her- 
stellung einer elektrischen Verbindung durch ein 

60 wandartiges Bauteil hindurch, wobei die Durch- 
fuhrung einen Mittelleiter (10) und eine au&ere 
Ummantelung (14) sowie einen im wesent- 
lichen zyllndrischen Korper ( 1 2) aus starrem iso- 
lierendem Werkstoff aufweist, welcher den 

55 Letter und die Ummantelung voneinander trennt 
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und mit beiden uber eine erste bzw. eine zweite 
Abdichtung (22) hermetisch dicht verbunden 
1st, wobei die Abdichtungen Hartlotver- 
bindungen aus einer Legierung nach einem der 
Anspruche 1 bis 5 aufweisen. 5 

8. Gegenstand nach Anspruch 7, dadurch 
gekennzeichnet, da& der Mittelleiter eine peri- 
phere Schulter (24) aufweist, die in dem Bereich 
unmittelbar oberhalb der Hartlotverbindung 
angeordnet ist und den Verbindungsbereich '0 
uberiappL 

9. Verfahren zum Ausbilden einer Hartlotver- 
bindung zwischen einem langgestreckten 
Mittelleiter und einem im wesentlichen zylin- 
drischen Korper aus starrem isolierendem J5 
Werkstoff. welcher den Leiter ungibt, dadurch 



gekennzeichnet, daS auf dem Leiter an einer 
Stelle seiner Ungsabmessung eine nach au&en 
vorragende periphere Schulter ausgebildet wird, 
ein Rohling aus Hartlot oben auf den 
isolierenden Korper aufgesetzt wird. eine Ver- 
bindung dadurch hergestellt wird, da& der Leiter 
in den isolierenden Kdrper so eingesetzt wird, 
da& die Schulter unmittelbar uber dem Rohling 
und dem Verbindungsbereich liegt und in Kon- 
takt darnit steht. sowie der Rohling zum 
Schmelzen gebracht word, so daS mindestens 
ein Teil desselben unter die Schulter und in den 
Verbindungsbereich flieBt, wo er unter Bildung 
einer Hartldtverbindung abgekuhlt wird, wobei 
der Hartlotrohling aus einer Legierung nach 
einem der Anspruche 1 bis 5 besteht 
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